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XPERIMENT OVERVIEV

Near detector
Overburden =~ 120 mwe
Ready in mid-2014
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Reactors
Two N4-type PWRs, 4.25 GWy, each




I. EXPERIMENT OVERVIEW

Prompt
signal:
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Detector design

Inner detector:

Neutrino target
Gd-doped liquid scintillator (8.3 tons)
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Detector design

Inner detector:

Neutrino target
Gd-doped liquid scintillator (8.3 tons)

Gamma catcher
Undoped liquid scintillator (18 tons)

390 PMTs

installed on stainless steel tank
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Detector design

Cosmic ray veto systems:
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Detector design

Cosmic ray veto systems:

QOuter veto
Array of plastic scintillator strips

13m X 7 m
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Calibration

» Source deployments:
137CS GSGe 6OCO 252Cf
> Z-axis
» Guide tube
» Fall 2013: Articulated arm

» Spallation neutrons
generated by cosmic rays

» LED injection system
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Energy reconstruction

» q — PE, correcting for gain nonlinearity
PE — MeV, using H capture peak

» Correction for time instability,
using Gd capture peak variation

» Correction for detector inhomogeneity,
using H capture map

... Final energy scale uncertainty: 1-2%
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EXPERIMENT OVERVIE

Signal selection

Parameter
Eprompt
Edelayed
AT
AR
Further requirements for background reduction:
Parameter Gd selection H selection
Multiplicity No additional triggers in 500 us No additional triggers in
surrounding prompt 1600 ws surrounding prompt
Muon veto No muon in ID or IV in 1 ms before prompt
Showering No muon depositing > 600 MeV —
muon veto in 0.5 s before prompt
OV veto No OV hit coincident with prompt
Light noise Passes cuts on PMT charge isotropy and pulse simultaneity
rejection

Predicted no-oscillation signal in April 2011-March 2012 dataset:
Gd selection: 8,440 H selection: 17,690
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IBD candidates

H selection
April 2011 — March 2012 April 2011 — March 2012

Accidentals subtracted
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p? (mm?)
Live time: 227.9 days Live time: 240.1 days
Candidates: 8,249 Candidates: 36,284
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Backgrounds

neutron

» Accidentals

» Gd: 0.3d*! (error < 0.1d7?)
» H: 735+£02d7"!

Energy (MeV)
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Backgrounds

proton

. recoil
» Accidentals X

» Gd: 0.3d*! (error < 0.1d7%)
» H: 735+02d

neutron

» Fast neutrons + stopping muons
» Gd: 0.7+02d"!
» H: 25+ 05d? (all fast n)

(Gd analysis)

Fast n + Stopping n

Entries/(0.25 MeV)

Prompt Energy [MeV]
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Backgrounds

neutrinos

» Accidentals

» Gd: 0.3d*! (error < 0.1d7%)
» H: 735+02d

» Fast neutrons + stopping muons
» Gd: 0.7+02d"!
» H: 25+ 05d? (all fast n)

(Gd analysis)

Fast n + Stopping n

Entries/(0.25 MeV)

Prompt Energy [MeV]
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Backgrounds

muon

» Accidentals
» Gd: 0.3d*! (error < 0.1d7%) electron
» H: 735+024d! F
» Fast neutrons + stopping muons
» Gd: 0.7+02d7!

» H: 25+ 05d? (all fast n)

» Cosmogenic isotopes, mainly °Li
» Gd: 1.3+05d!
» H: 28+12d7!

Events/(0.5 MeV)

Rates of °Li and FN + SM are
further constrained in final fit.
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Far detector-only analyses rely on U, rate prediction:




I. EXPERIMENT OV

Normalization uncertainties (relative to signal):

Source

Reactor 7, flux
Efficiency

9Li rate

Fast n + stopping u rate
Accidentals rate

Total statistical error

Rachel Carr (Columbia University Double Chooz for DPF 2013 1 27



I. EXPERIMENT OVERVIEW

Unique Double Chooz fit strategy:

» Improves upon rate-based analysis by adding spectrum information

» Constrains backgrounds

» Fits data with specific oscillation shape




Published Rate+Shape fits

H analysis, December 2012
Phys. Rev. D 86 (2012) Phys. Lett. B 723 (2013)
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sin® 2613 = 0.109 + 0.039 sin® 2013 = 0.097 + 0.048

Shown with all backgrounds subtracted. Gd uses two integration periods, yielding d.o.f. =2 x 18 —1
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» Rate+Shape fit constrains backgrounds:

Input (relative uncertainty)  Fit output (rel. unc.)

9 rate 1.34+05d!(40%) — 1.04£0.3d7!(30%)
FN + SM rate 0.740.2d7! (30%) — 06+0.1d! (20%)

3.9+0.6 d7! (15%
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Reactor-off background measurements

Analyzed 7.5 days of data with both reactors off.
Phys. Rev. D. 87 (2013)

» Unique Double Chooz capability
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(Gd selection) [ Background model
pn
u/fastn
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» Rate consistent with predictions:
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» Gd selection: 1.0 & 0.4 day!
with residual 7. subtracted

(expected 50406 dayfl) X Expected events: 14.8:4.0

Observed events: 8
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> H selection: 11.3 + 3.4 day !
with residual 7. and accidentals subtracted

(expected 5.8 £ 1.3 day™ 1)

» New constraint for oscillation fits
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Il. LATEST DOUBLE CHOOZ RESULTS

Combining published Gd and H analyses:

» Data set covers April 2011-March 2012

» Fit includes correlation of systematic errors




Il. LATEST DOUBLE CHOOZ RESULTS

PRELIMINARY:

Compare to Gd-only analysis of same dataset (June 2012):
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Reactor rate modulation analysis

Fit observed rates for sin>26;3 and total background rate, B:
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Rachel Carr (Columbia University)

2013 <Siﬂ2(1.27Am2L/E)>) [REXP, no osc

Valuable features:
» No a priori background model
» Combines Gd and H selections

» |everage from reactor-off data
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Reactor rate modulation results

Double Chooz Preliminary

nGd data Accidentals subtracted
n-H data
-- Best fit (x*/dof=9/11)

] 90% CL interval

nGd Background rate
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Accidentals subtracted

nGd background rate: 0.9+0.4 day™
nH background rate; 7.6+1.4 day”
sin’(20,;) = 0.097+0.035 (stat+sys)

nH Background rate

Double Chooz Prefiminary

60 80 100
Expected rate 1da_v'l)

Best fit: sin®26;3 = 0.097 & 0.035
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Il. FUTURE OF DOUBLE CHOOZ

Expanded far detector-only analysis (end of 2013)

» ~ 2x more statistics + optimized selection
» Reduced systematic errors
» Projected precision: ¢ ~ 0.03

Two-detector anal




» Rich, unique program with far detector
» Two signal channels: Gd, H
» Two oscillation analyses: R+S, RRM
» Reactor-off background measurements
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» Rich, unique program with far detector

» Two signal channels: Gd, H
» Two oscillation analyses: R+S, RRM
» Reactor-off background measurements

» New results
» Gd+H Rate+Shape fit: sm22013 = 0.109 + 0.035







Summary of Double Chooz results

DC sin?(20,,) Measurements (data set I1)
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Combined Gd+H Rate+Shape fit

H selection

—— Background-subtracted data

- No oscillation

MeV

0.
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Data - Predicted Data/Predicted
025 MeV. v

10 0 12
Energy (MeV) Energy (MeV)

All backgrounds subtracted at best-fit rates.
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Gd and H prompt spectra, with backgrounds

H selection

—+— Data
Combined best fit:
i 109

—— Data
Combined best fit:
e 9

Events
0.25 MeV

Fast neutrons

+ stopping muons

12 10 2
Energy (MeV) Energy (MeV)

Red line is combined Gd+H Rate+Shape best fit.
Backgrounds shown at best-fit rates.
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PRELIMINARY

Parameter
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Candidates from Gd selection

Delayed energy Prompt-delay time difference

Entries/250keV
Entries/2us

12
yed E (MeV)

100
AT (us)

Distance

s b0’
1000 1500 2000 2500 3000 3500 4000
2 (mm’)

150 200
Distance (cm)
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Candidates from H selection

24 26 28 3
Energy (MeV)

AR (mm)
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9Li measurement

Rate derived from At, =t — tyreviousp
for IBD candidates:

» At, fit with 7(°Li) = 257 ms

(sample plot show for E;, > 600 MeV)

» Purity increased with AR, ¢rack cuts

» Consistent rates found for Gd and H

Spectrum shape predicted from MC:
» Spectrum uncertainties from uncertainty on °Li branching ratios

» Data consistent with predicted shape
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Fast n + stopping 1 measurement

(Gd analysis)

Rough estimate:
» Extrapolate from E, € [12,30] MeV

Fast n + Stopping p

Entries/(0.25 MeV)

Refined measurement:
Prompt Energy [MeV]

» Pure selection from 1V/OV-tagging

(+ additional cuts, background subtraction)

» Fit with linear/exponential model

(H analysis)

» Rate from integrating spectrum fit

All stopping u removed from
H selection with AT < 10 us cut.

+
i ++++++ ++++++ +++++ 4yt

15 20 25 30
Energy (MeV)
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Cuts remove almost all light noise, with negligible signal inefficiency:

» Charge isotropy:
= Py Qrot 0.06 Gd delayed

Qmax = maximum charge seen by single PMT

(@) - {0.09 H, Gd prompt

Qtot = total charge seen by all PMTs
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